Background {#S0001}
==========

Type 2 diabetes mellitus (T2DM) and hyperuricemia (HUA) are the two most common metabolic diseases in the world. They can occur together or sequentially in any given individual. In China, the prevalence of T2DM with HUA has risen to 32.6%.[@CIT0001] Previous studies have shown that there is a correlation between serum uric acid (SUA) levels and T2DM.[@CIT0002]--[@CIT0004] For every 1 mg/dL increment in SUA, the overall incidence of diabetes, diabetic microvascular complications, and death increases by 17%,[@CIT0005] 28%, and 9%, respectively.[@CIT0006] However, factors that impact the correlation between T2DM and SUA are still unknown.

Cross-sectional studies have confirmed a positive association between HUA and insulin resistance (IR) in patients with T2DM.[@CIT0007],[@CIT0008] Recently, the potential effect of adipose tissue on IR has attracted attention. Basic studies have found that soluble uric acid upregulates the tissue level of reduced nicotinamide adenine dinucleotide phosphate (NADPH) oxidase in mature adipose tissue and increases the production of reactive oxygen species (ROS).[@CIT0009] Under oxidative stress, adipose tissue can lead to decreased insulin sensitivity. Adipose tissue can also secrete uric acid, possibly owing to upregulation of xanthine oxidase (XOR) expression and enzymatic activity in adipose cells.[@CIT0010]

There are two types of adipose tissue distribution: subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT), which have different morphologies and functions.[@CIT0011] A major difference between SAT and VAT is that VAT has strong fat decomposition activity. Once VAT accumulates, it releases free fatty acids (FFA) into the portal circulation, which then flow to the liver and other organs, such as muscle, pancreas, and kidney. This process, which is referred to as "ectopic fat disposition" leads to lipotoxicity, IR, release of inflammatory cytokines and chemokines, and metabolic disorders.[@CIT0012],[@CIT0013] Compared with abdominal subcutaneous fat, SUA level is more significantly associated with visceral fat.[@CIT0014] Non-alcoholic fatty liver disease (NAFLD) is a serious manifestation of visceral fat accumulation.[@CIT0015],[@CIT0016] In 1,365 obese adults, Liu et al reported that SUA level independently correlated with the risk of NAFLD.[@CIT0017] After 6 years of follow-up in 14,442 healthy adults, Yang et al found that 29.2% of participants developed new metabolic diseases with NAFLD being the main risk factor.[@CIT0018] For each 1 mg/dL increase in SUA, NAFLD risk increased 1.094 and 1.148 times in male and female participants, respectively.

Serum uric acid levels were also associated with cardiovascular disease, metabolic syndrome and non-dipping hypertension.[@CIT0019]--[@CIT0021] Cortese et al[@CIT0019] showed a strong correlation between uric acid and cardiovascular disease, and that serum uric acid has a direct impact on arterial hypertension, asymptomatic and overt atherosclerotic cardiovascular diseases, heart failure and atrial fibrillation through multiple pathogenic mechanisms. De Pergola et al[@CIT0020] showed that hyperuricemia is not a product of the metabolic syndrome, but high uric acid level may predict the risk of metabolic syndrome. Zupo et al[@CIT0021] found that obese non-dipping hypertension patients tended to have lower serum uric acid levels than dipping hypertension patients, which may be related to the antioxidant properties of uric acid.

Factors underlying the association between SUA, IR, and central obesity remain unclear. The aim of this study was to determine the association between SUA, IR, and central fat distribution in patients with T2DM and to identify mediators of this correlation in patients with T2DM.

Patients and Methods {#S0002}
====================

Participants {#S0002-S2001}
------------

A total of 867 people with T2DM, ranging in age from 20 to 89 years, that were inpatients in the Department of Endocrinology and Metabolism at the Affiliated Hospital of Nantong University between February 2017 and October 2018 were enrolled in the study. The T2DM diagnostic criteria were based on the 1999 WHO diabetes diagnosis and classification standard.

Exclusionary criteria included type 1 diabetes; other special types of diabetes and secondary diabetes; acute complications of diabetes; infection; serious diseases of heart, lung, brain, liver, kidney, and mental health; malignant tumor; pregnancy or lactation; other serious systemic diseases; and the use of drugs that affect uric acid metabolism.

Based on the optimal reference range for SUA,[@CIT0022] participants were divided into three groups: 64 patients had a SUA ≤ 3 mg/dL; 412 patients had a SUA \> 3 mg/dL and ≤ 5 mg/dL; and 391 patients had a SUA \> 5 mg/dL.

This study was performed in accordance with the Declaration of Helsinki and approved by the Clinical Ethics Committee of the Affiliated Hospital of Nantong University (2018-K016). Written informed consent was obtained from each patient.

Clinical Parameters and Laboratory Measurements {#S0002-S2002}
-----------------------------------------------

Data regarding patients' sex, age, duration of diabetes and treatments were collected. Anthropometric parameters, including blood pressure \[systolic blood pressure (SBP) and diastolic blood pressure (DBP)\], body height and weight, and waist circumstance (WC), were measured. BMI was calculated as kg/m^2^. Blood samples were collected in the morning after an overnight fast of at least 8 hours. Serum fasting plasma glucose (FPG), triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), serum creatinine (SCr), alanine aminotransferase (ALT), and serum uric acid (SUA) levels were measured with a Hitachi 7600--110 (Hitachi; Tokyo, Japan). HbA1c was assessed by high-performance liquid chromatography (BioRad; Hercules, CA). A BioSystems A25 automatic specific protein analyzer was used to measure the second urine microalbumin/creatinine ratio (UACR) in the morning. A Roche e411 automatic electrochemiluminescence immunoassay (Tokyo, Japan) was used to determine Insulin and C-peptide levels at 0, 30, 60, 90, 120, 150, and 180 min via a 100 g standard steamed bread meal insulin release test. The area under the curve of insulin (AUC~INS~) and C-peptide (AUC~CP~) was calculated.

Central Fat Distribution Measurements {#S0002-S2003}
-------------------------------------

Central fat distribution was measured by dual energy X-ray absorptiometry (DXA) (GE Healthcare, Madison, WI, USA) using enCORE software.[@CIT0023] All participants were scanned by the same operator according to the same protocol. A quality control scan was performed daily using a calibration phantom provided by the manufacturer. Before and during their scan, participants removed all metal objects and laid flat on the scanning table with their arms at their sides and their palms facing their thighs.

The region of interest (ROI)[@CIT0024] in the body was automatically drawn by the software based on anatomical landmarks and then double checked by the operator to ensure the best position. Two ROIs were used in this study: an Android ROI and a Gynoid ROI. The Android area, also known as the male fat area (approximately 10 cm high), contains part of the abdomen. Its lower boundary is the transverse line of the ilium. And its upper border is above the transverse line of the ilium, which is about 20% of the distance between the transverse line of the ilium and the tangent line below the head. The side boundary is the arm tangent. The Gynoid area, also known as the female fat area, is twice the Android area. It is the part of the leg, includes part of the hip and the strand. The upper border is the transverse line of the greater trochanter and the lower border is twice the distance of the Android area from the upper border. The lateral boundary is the tangent to the lateral leg.

The central fat distribution pattern is defined as the ratio of Android/Gynoid fat or, in other words, the ratio of male area fat mass (g) divided by female area fat mass (g). The Android ROI visceral fat mass was automatically calculated using the CoreScan algorithm in enCORE. Abdominal subcutaneous fat mass[@CIT0025] = Android fat mass - visceral fat mass.

Formulas {#S0002-S2004}
--------

Modification of Diet in Renal Disease equation - estimated glomerular filtration rate (MDRD-eGFR) \[mL/(min. 1.73 m^2^)\] = 30,849 × \[serum creatinine (μmol/L) - 1.154 × (age) - 0.203\] × 0.742 (female).[@CIT0026] IR index (HOMA-IR) = \[fasting insulin (μIU/mL) × fasting blood glucose (mmol/L)\]/22.5.[@CIT0027] Insulin sensitivity index (HOMA-IS) = 22.5/\[fasting insulin (μIU/mL) × fasting blood glucose (mmol/L)\].[@CIT0027] AUC[@CIT0028] = 15 × fasting value + 30 × (30 min value + 180 min value) + 45 × 60 min value + 60 × 120 min value. AUC~INS~ and AUC~CP~ represent the area under the insulin curve and the area under the C-peptide curve, respectively. HUA is defined as SUA greater than 7 mg/dL in men and 6 mg/dL in women.[@CIT0029]

Statistical Analysis {#S0002-S2005}
--------------------

A statistical analysis was performed using SPSS 24.0 (SPSS Inc.; Chicago, IL, USA). Basic descriptive statistics were calculated, including means, standard deviations, ranges, and percentages. The normality of the distribution was examined by the Kolmogorov--Smirnov test. Mean values between two independent groups were compared using the Mann--Whitney *U*-test for continuous variables and the χ^2^ test for categorical parameters. Comparisons between more than two subgroups were performed using ANOVA and Kruskal--Wallis H-tests. Correlations were analyzed using Pearson and Spearman correlation tests. Multiple linear regression analysis was used to analyze the association between SUA and central obesity-related parameters and islet β-cell function-related parameters. Logistic regression analysis was used to estimate the risk factors for HUA in patients with T2DM. Differences were considered statistically significant if the two-tailed P-value was \< 0.05.

Mediation analysis was used to assess the overall, direct, and indirect effects of measured parameters, including fasting C-peptide, BMI, and variables of central obesity distribution, on SUA.[@CIT0030],[@CIT0031] Using this approach, the "total effect" can be broken down into "direct effects" (not mediated by BMI or central obesity parameters; [[Supplemental Figure 1](http://www.dovepress.com/get_supplementary_file.php?f=260891.docx)]{.ul}) and "indirect effects" (mediated by BMI and central obesity parameters; [[Supplemental Figure 1](http://www.dovepress.com/get_supplementary_file.php?f=260891.docx)]{.ul}). This analysis was performed using the SPSS macro developed by Preacher and Hayes.[@CIT0032] The coefficient product test was used because it has the potential to detect mediated effects without significant intervention effects.[@CIT0030],[@CIT0031] First, the "total effect" (gamma coefficient) of SUA on the outcome variable (F-CP) was estimated by regression, while the covariates used in the first step were adjusted but the medium was not. The "action theory" was then used to examine the effect of SUA on the hypothetical medium (BMI, central fat parameters; alpha coefficient). The "conceptual theory" test determines the association between the change in the hypothetical medium and the change in the outcome variable (BMI, central obesity parameter; beta coefficient). This analysis also estimates the direct (γ' path) and indirect (coefficient product α\#β) effects. The ratio of the mediation effect was calculated using the following equation \[α\#β/(α\#β+γ)\]. When the total effect (γ path) is significant, the direct effect (γ' path) is not significant, and α\#β is significant, then there is a complete mediating effect. When the total effect is significant and the direct effect and α\#β are both significant, then there is a partial or incomplete mediating effect. When the total effect is significant, the direct effect is significant, and α\#β is not significant, then there is no mediating effect.

Results {#S0003}
=======

Clinical Characteristics {#S0003-S2001}
------------------------

There were 377 (40.98%) women and 543 (59.02%) men in the study. The average age was 63.2 ± 8.8 and 56.2 ± 14.7 years for women and men, respectively. Of all patients, 86.5% were treated with insulin or insulin combined with oral hypoglycemic agents to control T2DM. According to the reference range for SUA,[@CIT0022] all subjects were divided into three groups as shown in [Table 1](#T0001){ref-type="table"}.Table 1Comparisons of Clinical Characteristics of T2DM Patients with Different Serum Uric Acid LevelsSUA ≤ 3mg/dl\
(n=64)3 mg/dl \< SUA ≤ 5mg/dl\
(n=412)SUA \> 5mg/dl\
(n=391)PAge (year)61.8±11.260.0±11.857.3±14.80.039^c^Sex male (%)29(45.3%)243(59.0%)271(66.3%)\<0.001^a,b,c^Diabetic duration (year)5(1.3,10.8)10(2,13)8(2,14)0.312Treatment insulin or insulin+oral(%)57(89.1%)358(86.9%)335(85.7%)0.727SBP (mmHg)129.9±18.7136.0±18.2137.4±18.30.002^a,b^DBP (mmHg)74.6±10.477.3±10.279.4±10.8\<0.001^b,c^Weight (kg)61.6±11.366.5±10.772.6±13.6\<0.001^a,b,c^BMI (kg/m2)23.3±4.124.1±3.325.7±3.7\<0.001^b,c^WC (cm)86.8±11.089.4±9.593.9±10.8\<0.001^b,c^SUA (mg/dL)2.6(2.2,2.8)4.1(3.6,4.6)6.1(5.4,7.0)\<0.001^a,b,c^eGFR (mL/(min^.^1.73m^2^))135.2(111.3,165.3)123.8(103.9,142.0)105.7(77.3,128.8)\<0.001^a,b,c^UACR (mg/mmol/L)1.9(1.0,4.8)1.5(0.8,4.3)2.4(1.0,17.5)\<0.001^b^TC (mmol/L)4.6(3.7,5.0)4.5(3.8,5.3)4.7(4.0,5.7)\<0.010^c^TG (mmol/L)1.1(0.8,1.8)1.2(0.8,1.9)1.7(1.2,2.6)\<0.001^b,c^HDL (mmol/L)1.2(0.9,1.4)1.1(0.9,1.3)1.0(0.9,1.1)\<0.001^a,b^LDL (mmol/L)2.7(2.3,3.2)2.7(2.2,3.3)2.8(2.2,3.4)0.177ALT (UL/L)19.0(14.0,27.8)21.0(15.0,31.0)23.0(16.0,38.0)0.002 ^b,c^HbA1c (%)10.7±2.110.0±2.49.4±2.2\<0.001^a,b,c^FINS (Pmol/L)32.6(22.7,69.5)46.0(26.5,78.1)59.3(34.1,96.0)\<0.001^b,c^F-CP (nmol/L)0.5(0.4,0.7)0.6(0.4,0.8)0.8(0.6,1.1)\<0.001^b,c^AUC~CP~ (cm^2^)10.3(6.7,12.7)11.0(7.4,15.0)12.3(8.4,16.6)0.001^b,c^AUC~INS~ (cm^2^)46.6(26.8,75.9)53.5(29.9,97.7)60.4(34.1,99.0)0.082FPG (mmol/L)11.5±3.111.2±3.210.5±2.8\<0.001^b,c^HOMA-IR2.3(1.5,4.4)3.2(1.8,5.8)3.8(2.1,6.8)0.002^b,c^HOMA-IS0.4(0.2,0.7)0.3(0.2,0.6)0.3(0.2,0.5)0.002^a,b^Android fat mass (g)1602.5(1245.5,2179.0)1893.0(1404.0,2442.0)2263.0(1767.0,2928.0)\<0.001^b,c^Gynoid fat mass (g)1264.6(942.4,1681.3)1422.6(1073.5,1804.9)1587.2(1238.5,2037.8)\<0.001^b,c^Android/Gynoid fat mass ratio (%)1.2±0.31.3±0.31.4±0.3\<0.001^b,c^SAT mass (g)719.5(496.5,934.5)778.0(548.3,1019.8)847.0(614.0,1153.0)0.003^b,c^VAT mass (g)937.5(577.5,1229.3)1066.00(757.3,1453.0)1375.0(1005.0,1851.0)\<0.001^b,c^VAT/SAT mass\
Ratio (%)1.3(0.8,1.8)1.3(1.0,2.0)1.6(1.1,2.3)\<0.014^b,c^[^2][^3]

There was no significant difference in age, diabetic duration or treatments among the three groups ([Table 1](#T0001){ref-type="table"}, P \> 0.05). In the higher SUA group, there was a significantly higher proportion of men; significantly higher levels of SBP, DBP, WC, BMI, TG, TC, ALT, and UACR; and significantly lower eGFR and HDL levels (P \< 0.05 for all). There was no significant difference in LDL among the three groups (P = 0.177).

The higher SUA group had significantly lower levels of HbA1c, FPG, and HOMA-IS while fasting insulin, F-CP, HOMA-IR, and AUC~CP~ were significantly increased compared with the other two groups (P \< 0.05 for all). There was no significant difference in AUC~INS~ among the three groups (P = 0.082).

Central Obesity Distribution {#S0003-S2002}
----------------------------

As shown in [Figure 1](#F0001){ref-type="fig"}, Android fat mass, Gynoid fat mass, Android/Gynoid fat mass ratio, SAT mass, VAT mass, and VAT/SAT ratio were significantly increased in the higher SUA group (P \< 0.001).Figure 1Comparison of central obesity distribution among different uric acid levels. (**A**) difference of Android fat mass (g) among the three groups; (**B**) difference of Gynoid fat mass (g) among the three groups; (**C**) difference of Android/Gynoid ratio among the three groups; (**D**) difference of abdominal subcutaneous fat mass among three groups; (**E**) difference of visceral fat mass among three groups; (**F**) difference of visceral fat/abdominal subcutaneous fat ratio among three groups. \*: P values for the comparison of two groups. \*\*: P values for the comparison of two groups.**Abbreviations:** SUA, uric acid; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.

Correlation Between SUA and Clinical Variables {#S0003-S2003}
----------------------------------------------

As shown in [Table 2](#T0002){ref-type="table"}, SUA was significantly positively correlated with SBP, DBP, weight, BMI, WC, TG, TC, UACR, ALT, F-CP, and AUC~CP;~ while SUA was significantly negatively correlated with age, eGFR, HDL, HbA1c, FPG, and HOMA-IS (P \< 0.05 for all). SUA was not correlated with diabetic duration, LDL, fasting insulin, HOMA-IR, or AUC~INS~ (P \> 0.05 for all).Table 2Correlation Between Serum Uric Acid Level and Clinical VariablesRPAge (year)−0.0960.004Duration of diabetes (year)0.0170.614SBP (mmHg)0.0820.015DBP(mmHg)0.1160.001Weight (kg)0.321\<0.001BMI (kg/m2)0.290\<0.001WC(cm)0.307\<0.001TC(mmol/L)0.1070.002TG(mmol/L)0.315\<0.001HDL(mmol/L)−0.258\<0.001LDL(mmol/L)0.0660.050eGFR (mL/(min^.^1.73m^2^))−0.371\<0.001UACR(mg/mmol/L)0.177\<0.001ALT(UL/L)0.128\<0.001HbA1c (%)−0.148\<0.001FIns(Pmol/L)−0.0070.836F-CP(nmol/L)0.309\<0.001FPG(mmol/L)−0.0980.004HOME-IR−0.0230.503HOMA-IS−0.1050.002AUC~CP~ (cm^2^)0.1050.002AUC~INS~ (cm^2^)−0.0050.872[^4]

Correlation Between SUA and Central Obesity Distribution {#S0003-S2004}
--------------------------------------------------------

SUA was significantly positively correlated with Android fat mass, Gynoid fat mass, Android/Gynoid fat mass ratio, SAT, VAT, and VAT/SAT ratio ([Figure 2](#F0002){ref-type="fig"}, P \< 0.05 for all).Figure 2Correlation between serum uric acid and central obesity distribution. (**A**) correlation between serum uric acid and Android fat mass; (**B**) correlation between serum uric acid and Gynoid fat mass; (**C**) correlation between serum uric acid and Android/Gynoid fat ratio; (**D**) correlation between serum uric acid and abdominal subcutaneous fat mass; (**E**) correlation between serum uric acid and visceral fat quality; (**F**) correlation between serum uric acid and visceral fat/abdominal subcutaneous fat mass.**Abbreviations:** SUA, uric acid; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.

Factors Affecting SUA Level {#S0003-S2005}
---------------------------

The results of multiple linear regression analysis showed that BMI, WC, Android fat mass, Gynoid fat mass, SAT, VAT, VAT/SAT ratio, F-CP, and AUC~CP~ had a significant positive effect on SUA after adjustment for all confounding factors (P \< 0.05 for all). Android/Gynoid ratio, HbA1c, FBG, and HOMA-IS had no significant effect on SUA ([Table 3](#T0003){ref-type="table"}, P \> 0.05 for all).Table 3Effect Factors of SUA Level Analyzed by Multiple Linear Regression in Patients with T2DMModel1Model2βPβPBMI (kg/m2)0.275\<0.0010.156\<0.001WC (cm)0.274\<0.0010.161\<0.001Android fat mass (g)0.316\<0.0010.196\<0.001Gynoid fat mass (g)0.286\<0.0010.191\<0.001Android/Gynoid fat mass ratio (%)0.137\<0.001−0.0010.990SAT mass (g)0.243\<0.0010.152\<0.001VAT mass (g)0.315\<0.0010.188\<0.001VAT/SAT ratio (%)0.0750.0400.0610.048HbA1c (%)−0.143\<0.001−0.0560.066F-CP (nmol/L)0.316\<0.0010.147\<0.001FPG (mmol/L)−0.1160.001−0.0500.092HOMA-IS−0.1090.001−0.0260.379AUC~CP~ (cm^2^)0.126\<0.0010.0650.023[^5][^6]

Risk Factors for HUA {#S0003-S2006}
--------------------

As shown in [Table 4](#T0004){ref-type="table"} Model4, with further adjustment for VAT and SAT based on Model3, female sex (OR = 2.229, 95% CI: 1.268--3.916, P \< 0.05), VAT (OR = 1.001, 95% CI: 1.001--1.001, P \< 0.05), and WC (OR = 1.040, 95% CI: 1.010--1.072, P \< 0.05) were independently correlated with and found to be risk factors (OR value \> 1) for HUA in T2DM patients. HDL (OR = 0.248, 95% CI: 0.092--0.671, P \< 0.05) and eGFR (OR = 0.967, 95% CI: 0.960--0.974, P \< 0.05) were found to be protective factors for HUA in T2DM patients (OR value \< 1).Table 4Risk Factors of Hyperuricemia Analyzed by Logistic Regression in Patients with T2DMVariableOR (95% CI)Model1Model2Model3Model4Sex(female)1.470 (1.014, 2.130)1.579 (1.061, 2.352)2.195 (1.366, 3.526)2.229(1.268, 3.916)BMI (kg/m2)1.158(1.102, 1.217)1.150(1.092, 1.211)1.124(1.054, 1.198)1.040(0.936, 1.156)WC (cm^2^)1.060(1.041, 1.079)1.060(1.041, 1.080)1.051(1.029, 1.074)1.040(1.010, 1.072)TC (mmol/L)1.197(1.066, 1.344)1.149(1.015, 1.300)1.073(0.885, 1.301)1.063(0.880, 1.284)TG(mmol/L)1.217(1.123, 1.319)1.210(1.113, 1.315)1.047(0.925, 1.186)1.052(0.928, 1.192)HDL(mmol/L)0.188(0.088, 0.403)0.152(0.069, 0.336)0.214(0.080, 0.569)0.248(0.092, 0.671)F-CP(nmol/L)3.592(2.330, 5.538)4.055(2.586, 6.359)1.944(1.082, 3.493)1.245(0.664, 2.334)AUC~CP~(cm^2^)1.029(1.005, 1.054)1.035(1.010, 1.061)1.012(0.982, 1.042)1.014(0.984, 1.044)eGFR(mL/(min^.^1.73m^2^))0.972(0.966, 0.978)0.965(0.958, 0.972)0.968(0.961, 0.975)0.967(0.960, 0.974)VAT mass(g)1.001(1.001, 1.001)1.001(1.001, 1.001)1.001(1.001, 1.001)1.001(1.001, 1.001)SAT mass(g)1.001(1.001, 1.001)1.001(1.001, 1.001)1.001(1.001, 1.001)1.000(1.000, 1.001)UACR(mg/mmol/L)1.004(1.002, 1.006)1.004(1.002, 1.006)1.000(0.997, 1.002)1.000(0.998, 1.003)Android fat mass(g)1.001(1.001, 1.001)1.001(1.001, 1.001)1.001(1.001, 1.001)1.000(1.000, 1.001)Gynoid fat mass(g)1.001(1.001, 1.001)1.001(1.001, 1.001)1.001(1.001, 1.001)1.001(1.000, 1.001)VAT/SAT ratio (%)1.021(0.926, 1.125)1.087(0.983, 1.202)1.099(0.975, 1.240)1.077(0.904, 1.284)[^7][^8]

To determine the effect of differing degrees of VAT mass on SUA, we stratified patients into quartiles based on VAT mass and performed further analysis. Having the highest quartile VAT mass was found to be an independent risk factor for T2DM with HUA ([Figure 3](#F0003){ref-type="fig"}, OR = 2.421, 95% CI: 1.091--5.373, P \< 0.001).Figure 3Logistic regression analysis of different degrees of visceral fat mass and hyperuricemia. Adjusted for age, gender, diabetes course, SBP, DBP, TG, TC, HDL, eGFR, HbA1c, F-CP, HOMA-IR, AUC~CP~, SAT mass, VAT mass.

Mediation Analysis Found SUA and F-CP to Be Mediated by BMI and Central Obesity {#S0003-S2007}
-------------------------------------------------------------------------------

[Table 5](#T0005){ref-type="table"} shows the direct and indirect mediating effects of SUA on F-CP. The mediation power of the variables, ranked from the highest to the lowest, is as follows: Android fat mass (40.1%), VAT mass (39.4%), BMI (31.7%), Gynoid fat mass (26.5%), WC (26.5%), and SAT mass (14.2%).Table 5Direct and Indirect Effects of SUA on Fasting c-Peptide Mediated by BMI and Central Obesity DistributionDirect Effect (γ')Indirect Effect(α＃β)Proportion of MediationβPΒP%Android fat mass(g)0.185\<0.0010.124\<0.0540.1VAT mass(g)0.187\<0.0010.122\<0.0539.4BMI(kg/m2)0.211\<0.0010.098\<0.0531.7Gynoid fat mass(g)0.227\<0.0010.082\<0.0526.5WC(cm)0.227\<0.0010.082\<0.0526.5SAT mass(g)0.265\<0.0010.044\<0.0514.2Android/Gynoid ratio(%)0.278\<0.0010.031\>0.05--VAT/SAT ratio(%)0.306\<0.0010.003\>0.05--[^9]

Discussion {#S0004}
==========

The results from the present study showed that SUA levels in T2DM patients were correlated with abdominal subcutaneous fat, visceral fat, Android fat, Gynoid fat, fasting insulin (FINS), AUC~INS~, F-CP, and AUC~CP~. Our study also determined risk factors for HUA. Central obesity distribution may play a key role in mediating the relationship between SUA and IR.

Risk Factors of HUA {#S0004-S2001}
-------------------

In our study, we observed that central obesity distribution, including WC and VAT mass (especially the highest quartile VAT mass), were independent risk factors for HUA in patients with T2DM. Compared with SAT mass, VAT mass was a more powerful mediator of the association between SUA and F-CP. Our results are consistent with those of recent studies from Japan.[@CIT0033]--[@CIT0035] Evidence from these studies showed that visceral fat area is significantly related to SUA level. Upon reduction of VAT, SUA levels significantly declined.[@CIT0036] Lowering SUA can prevent fat accumulation in HepG2 cells and reduce liver steatosis in mice,[@CIT0037] indicating that excessive accumulation of VAT can upregulate purine and uric acid metabolism. In addition, a variety of adipokines released from VAT have been shown to have potential effects on SUA production.[@CIT0038]

In our study, we found that female sex was an independent risk factor for HUA in T2DM patients. This finding could be explained by the observation that SAT has higher levels of estrogen and progesterone receptors than VAT while VAT has a higher concentration of androgen receptors than SAT. Testosterone inhibits fat accumulation from diet and induces VAT to SAT transformation while estrogen promotes the accumulation of both SAT and VAT.[@CIT0039] However, all female patients enrolled were postmenopausal. It is well known that after menopause, the ability of estrogen to inhibit urate reabsorption reduces, which resultingly increases SUA levels.[@CIT0040]

The Mediating Effect of Central Obesity on the Relationship Between HUA and IR {#S0004-S2002}
------------------------------------------------------------------------------

A large amount of evidence indicates that SUA is associated with IR.[@CIT0008],[@CIT0035],[@CIT0041] Studies have shown that HUA upregulates insulin receptor substrate 1 (IRS1) phosphorylation by inducing oxidative stress,[@CIT0042] which inhibits protein kinase B (PKB) phosphorylation, thereby leading to IR and glucose metabolism dysfunction. Additionally, IR reduces renal excretion of uric acid and increases uric acid production through the hexose monophosphate shunt.[@CIT0043] However, we did not find any association between SUA and FINS or HOMA-IR. In the present study, the average duration of diabetes was more than 5 years and 86.5% of participants were receiving intensive exogenous insulin therapy in a hospital. Therefore, FINS and HOMA-IR do not accurately reflect the magnitude of IR. As the degradation product of endogenous insulin, serum C-peptide was used as a proxy for insulin levels. C-peptide has been used as one of the indexes of IR in previous studies.[@CIT0044],[@CIT0045] The results of our study showed that levels of F-CP and AUC~CP~ were associated with HUA, which also verified the relationship between HUA and IR. However, after adjustment for SAT and VAT mass, the association between HUA and F-CP and AUC~CP~ disappeared. To investigate the relationship between F-CP, central obesity, and HUA, mediation analysis was conducted to determine the direct and indirect effects of central obesity on the correlation between F-CP (a reflection of IR) and HUA. Our results showed that the mediation power of central obesity distribution variables, ranked from the highest to the lowest, is as follows: Android fat mass (40.1%), VAT mass (39.4%), BMI (31.7%), Gynoid fat mass (26.5%), WC (26.5%), and SAT mass (14.2%). Similar to our results, Campos et al reported that increased visceral fat was an independent predictor of increased IR.[@CIT0046] Mazidi and Yoo et al[@CIT0047],[@CIT0048] found that the association between SUA and IR was partially or entirely mediated by obesity, based on mediation analysis. Baldwin et al[@CIT0049] suggested that IR could be induced by the immune and inflammatory responses of adipose tissue.

Limitations {#S0005}
===========

There were several limitations to our study. First, we used DXA instead of MRI to measure central obesity distribution owing to the lower dose of radiation and cheaper price of DXA measurements. Although MRI is the gold standard for quantification of visceral fat,[@CIT0050] evidence from previous studies confirmed that SAT and VAT mass and area measured by DXA is highly correlated with those measured by MRI.[@CIT0050] Second, as a single center, cross-sectional study, we cannot illustrate the mechanism of the results which should be cautious to extend. Third, information pertaining to confounding factors, such as smoking, diet (especially foods rich in purines and fructose), and physical activity, were lacking, Finally, quantification of adipokines, such as leptin, adiponectin, and inflammatory cytokines, were not incorporated, which may have influenced the results.[@CIT0038]

In the future, a multi-center, prospective study with larger sample sizes should be designed and carried out. Experiments to investigate the mechanism underlying the association between central obesity, IR, and HUA should also be studied.

Conclusions {#S0006}
===========

In summary, serum HUA in T2DM patients was positively correlated with F-CP and different types of fat distribution, especially VAT. In addition, the positive association between SUA levels and IR, represented by C-peptide, in T2DM patients may be at least partly mediated by central obesity. Therefore, controlling obesity, especially visceral fat mass, may effectively prevent HUA, thereby reducing the risk of cardiovascular disease in patients with T2DM.
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[^2]: **Notes:** ^a^SUA\<3mg/dl vs 3\<SUA≤5mg/dl; ^b^SUA\<3mg/dl vs SUA\>5mg/dl; ^c^3\<SUA≤5mg/dl vs SUA\>5mg/dl; P\<0.05.

[^3]: **Abbreviations:** SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist circumference; HbA1c, hemoglobin A1C, F-Ins, fasting insulin; F-CP, fasting c-peptide; AUC, area under the curve; SUA, serum uric acid; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low density lipoprotein; ALT, alanine aminotransferase; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.

[^4]: **Abbreviations:** SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist circumference; HbA1c, hemoglobin A1C; F-Ins, fasting insulin; F-CP, fasting c-peptide; AUC, area under the curve; SUA, serum uric acid; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low density lipoprotein; ALT, alanine aminotransferase; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.

[^5]: **Notes:** Model 1, adjusted for age, gender, diabetes duration, SBP and DBP; Model 2, adjusted for age, gender, diabetes duration, SBP, DBP, TC, TG, HDL, LDL, eGFR, ALT, UACR.

[^6]: **Abbreviations:** BMI, body mass index; WC, waist circumference; F-CP, fasting c-peptide; AUC, area under the curve; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.

[^7]: **Notes:** Model 1, non-adjusted; Model 2, adjusted for age, gender, diabetes course, SBP and DBP; Model 3, adjusted for age, gender, diabetes course, SBP, DBP, TG, TC, HDL, eGFR, HbA1c, F-CP, HOMA-IR, AUC~CP~; Model 4, adjusted for age, gender, diabetes course, SBP, DBP, TG, TC, HDL, eGFR, HbA1c, F-CP, HOMA-IR, AUC~CP~, SAT mass, VAT mass.

[^8]: **Abbreviations:** TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; EGFR, estimated glomerular filtration rate; F-CP, fasting c-peptide; AUC, area under the curve; UACR, total albumin-to-creatinine ratio; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; BMI, body mass index; WC, waist circumference.

[^9]: **Abbreviations:** F-CP, fasting c-peptide; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; BMI, body mass index; WC, waist circumference.
